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plant was creosote. Grubs apparently avoided the region where
corn seed which had been dipped in creosote had been planted and
did not attack the young corn which sprouted from it. These results,
however, had not been anticipated and have not yet been followed
up.
In connection with the insecticide experiments it should be stated
that of the sixty-three larvre which were reared in the flower pots,
but on which no experiments were tried, ten died of bacterial or
other diseases within forty days. This gives an average mortality
in the check pots of 15.9 per cent for the six weeks.
In conclusion, it may be stated that the results in connection with
temperature and the nature of the food supply seemed most significant.
It is also of interest to note that white grubs are not immune from
arsenical poisoning as wireworms have been said to be, and that there
is a possibility that repellants will prove of some value in controlling
them.
A PROGRESS REPORT ON WHITE GRUB INVESTIGATIONSl
By JOHN J. DAVIS, U. S. Burean of Entomology, West Lafayette, Indiana
The white grub (Lachnosterna) investigation was begun at the
Lafayette Station of the federal Bureau of Entomology in 1911 and
has been one of the major problems of this station continuously since
that date. The report herewith presented is very brief and but an
outline of some of the more important studies made by the writer or
under his direction and is given at this time as a guide for those in the
. federal Bureau as well as station and state entomologists who are
cooperating with us in this large problem and for others who are or
may have occasion in the near future to ta,ke up this problem.
The plan and scope of our studies are comprehensive in the broadest
sense, including not only life-histories and habits of the different
species of Lachnosterna and means of cOl1trol in this section of the
United States but studies in the embryology, the distribution of species
in all parts of the country in relation to soil, timber, farming methods
and other environmental conditions, destructive broods of different
species, systematics, etc., as well as thorough studies of the related
genera, with especial reference to the economic importance and life-
history of these related genera and means of distinguishing the larvre
of the different genera and of the different species in each genus. It is
hoped eventually to have worked out the life-history and habits of
every species of Lachnosterna and species of related genera for the
various localities where each may occur.
1 Published by permission of the Chief of the U. S. Bureau of Entomology.
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The studies on the habits and life-histories have been conducted
both in the field and in the laboratory. For instance, most of the
studies to determine the habits of beetles, their food habits, etc., and
the habits, etc., of the grubs have been made in the field with extensive
observations and feeding experiments in confinement to corroborate
our field observations. On the other hand, detailed studies of the
various stages of the life cycle, the total life cycle, and 'the like, were
conducted largely in breeding cages approximating as nearly as possi-
ble natural conditions. A discussion of the different cages used has
already been given in this journal.1
LIFE-HISTORY INVESTIGATIONS
In this paper we will undertake to show only the more general con-
clusions and those which have a definite bearing on the economic phase
of the subject. To date eighteen species of Lachnosterna have been
reared from egg to adult and there are at least half as many more,
the life cycles of which we are reasonably certain although it will be
another year before we will have actually bred adults from eggs. The
accompanying table will give data relative to the grosser points in the
life cycle of the species studied at Lafayette. It will be seen from this
that one species-Lachnosterna tristis-invariably has a two-year
cycle in the latitude of Lafayette while eleven 'species, namely L.
arcuata, fusca, vehemens, rugosa, ilicis, grandis, fraterna, hirticula,
inversa, bipartita and congrua, invariably have a three-year cycle
according to our experiments. Two species, L. crenulata and L. cras-
sissima, have a three-year life cycle as a rule but our experiments show
that it may be extended in the latitude of Lafayette to four years, and
several other species, L. gibbosa, burmeisteri and implicita, usually
have a three-year cycle but in some cases it may be cut to two years.
However, all of the Lachnosterna of economic importance in this lati-
tude have a three-year cycle.
Latitude naturally has a great influence on the length of the life
cycle of the same species. For instance, L. grandis has a life cycle of
three years in the latitude of Lafayette but at Trout Lake in the
northern end of Wisconsin, it undoubtedly has a four-year life cycle.
We now have cages at this point staded in 1914 and 1915 and the
small size of the grubs this summer in cages started in 1914 is evidence
enough to show that the grubs cannot mature in less than four years.
Further in 1911 the beetles (mostly L. grandis with a few L. dubia)
were very abundant and in 1912 and 1913 the grubs were unusually
injurious to seedling conifers. In 1915 the beetles were again very
abundant. Furthermore, the combined seasonal temperatures for
1 JOUR. ECON. ENT., Vo\. 8, No.1, 1915, p. 135-139, 3 pIs.
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Trout Lake for four years approximate the combined temperatures
at Lafayette for three years. It is not improbable that we will find
the length of the life cycle of L. ulkei, which is the southern analogue
of L. grandis, to be but two years at Auburn, Alabama, where we have
experiments started in collaboration with Dr. W. E. Hinds. From
our present data it appears that the more important economic species
in the southern states will have a two-year cycle. It is easy to under-
stand why a species should have a three-year life cycle in the latitude
of Indiana and a four-year cycle in northern Wisconsin, where the
season is so short, and, on the other hand, why the same species, in the
southern states where the growing season is much longer, should
require but two years to complete its growth. It is, however, puzzling
to find that the same species in the same cage may complete its cycle
in two years in one case but require three years in another.
We have already established life-history cages in cooperation with
various entomologists in different parts of the country and it is hoped
that eventually we can have cages established in every state in the
Union. In 1914 and 1915 we started a number of cages at Trout
Lake, Wisconsin, in cooperation with the Wisconsin State Board of
Forestry and Mr. W. D. Barnard in charge of the state nurseries at
that point. The past spring we established cages at Auburn, Ala-
bama, in cooperation with Dr. W. E. Hinds; at College Station, Texas,
in cooperation first with Prof. Wilmon Newell and at the present with
Prof. F. B. Paddock; and at Victoria, Texas, in cooperation with Mr.
J. D. Mitchell, through the courtesy of Dr. W. D. Hunter. Life
cycle cages have also been established at two stations of this division,
namely at the Greenwood, Miss., station in charge of Mr. C. F. Turner
and at Columbia, S. C., in charge of Mr. Philip Luginbill.
Briefly the life-history of the economic species of Lachnosterna in
our latitude is as follows: The eggs are laid in the ground, most often
in ground covered with vegetation such as blue grass, timothy and
small grain, in balls of earth (Plate 14,fig.e), one egg in a cavity slightly
larger than the egg, in the center of the earthen ball which is held
loosely intact by a glutinous fluid secreted by the female. Individual
females lay between 50 and 100 eggs or even more and our averages
from many records in confinement, which probably do not offer ideal
conditions, are more than 50 per female. The grubs hatching from
these eggs several weeks later feed on tender rootlets and decaying
vegetation in the ground until fall when they go deeper into the soil,
forming a small earthern cell in which they pass the winter. They
return to near the surface early in May of the following spring and it
is this season that the grubs are most active feeding. The grubs dis-
continue feeding about the first of October of the second year, going
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down into the soil where they again prepare an earthen cell to pass the
second winter. Reappearing to near the surface in the spring of the
third year they are actively feeding and may do some damage but
usually by June 1 they are full grown, prepare an earthen cell and
change to pupre in July, having passed the two weeks or so previous to
pupation in a semi-dormant stage which we may call the prepupal
stage (Plate 14, fig. f). Remaining in the pupal stage three to four
weeks, the adults issue and remain in the pupal cell through the fol-
lowing winter, appearing above the ground the last of April or first of
May. In this brood there is really but one season where injury may
be severe but in northern Wisconsin where the life cycle is four years,
injury occurs throughout the two seasons following the year the eggs
are laid. As stated above, the larvre pupate during the summer or
early fall in the case of the species of importance in the latitude of
Indiana. However, in southern Indiana and farther south, we have
a number of species which pupate in the spring, and appear above
ground as beetles the same season, examples of such species being L.
burmeisteri, L. n. sp. (ephilida group), L. quercus, L. antennata and
L. gracilis. These species, like beetles of the genus Cyclocephala, do
not make their appearance until the latter part of June or July. No
doubt we will find that all of the Lachnosterna which appear com-
paratively late in the season in southern states, likewise pupate in the
spring.
COMPARISON WITH RELATED GENERA
It will be interesting here to briefly note the life-history of species
belonging to related genera. Ligyrus gibbosus and L. relictus have a
one-year life cycle, the beetles pupating and appearing aboye ground
in fall and reentering the ground to pass the winter, not laying eggs
until the following spring. The beetles are present at lights almost
the season through, due to the excessive overlapping of broods. The
grubs feed on manure and other decaying matter but the beetle of L.
gibbosus feeds on the roots of various weeds such as Amaranthus and
Helianthus and not infrequently noticeably damages crops of sun-
flowers. An interesting habit of the Ligyrus beetles is that they
copulate under ground. Cyclocephala immaculata is frequently found
in compost' heaps and in cultivated fields, and may obtain its full
growth on decaying matter alone or may become a serious field pest,
damaging crops similar to those attacked by Lachnosterna grubs. It
has a one-year cycle but, like certain of the Lachnosterna, pupates in
the spring and appears above the ground the latter part of June and
during July. The beetle seems to feed only on decaying matter and
does not feed' on foliage as do the Lachnosternas. Cotinis (=Allor-
hina) nitida and the Euphorias likewise have, a one-year cycle, the
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former pupating in spring and appearing about the same time the
Cyclocephalas are out, and the Euphorias maturing in fall and appear-
ing above ground quite early in spring. The grubs of these two genera
are interesting because they crawl on their backs and their normal food
is decaying matter, particularly animal manures. The habits of the
beetles likewise differ from those already discussed in that they fly
during the day. All of the Anomalas which we have studied have a
one-year life cycle, maturing in the fall and appearing above ground
the following spring. Our observations indicate that the grubs feed
on living rootlets but apparently they are never sufficiently abundant
to noticeably damage crops although they may at any time prove
important crop pests. In the beetle stage certain species feed on
tender foliage and flowers at night while others are active during the
day. The grubs of Cotalpa lanigera rank close to those of Lachnosterna
in economic importance in some sections. In the" thumb district"
of Michigan and along the lake in the vicinity of Holland, Michigan,
these grubs are destructive to raspberry bushes, strawberries, corn,
grass, etc. We have not yet completed our lik·history studies of this
species but the grubs in our cages started in 1914 were very small when
examined this fall (1915) and it will take four years and possibly five
years to complete the life cycle. Polyphylla grubs are more nearly
like Cotalpa grubs in their habits and life-history. Grubs which
proved to be those of P. variolosa were shown us by Dr. T. J. Headlee
who reported them as destructive to crops in southern New Jersey
and a supply of the grubs received from the farmer reporting the
trouble showed many sizes, indicating a four- or five-year cycle for
this species. Phytalis and Listochelus, species of which genera belong
to the southern fauna, have similar habits and resemble the Lach-
nosterna grub but have not yet been studied enough by us to make
gen~ralizations.
So many have written for information to distinguish the different
white grubs that it seems pertinent at this point to mention some of
the more conspicuous characters to distinguish the grubs of Lach-
nosterna from those of relfl,ted genera.
The Lachnosterna grub is white or cream white, the dark contents
of the intestinal tract being plainly visible through the skin of the last
few abdominal segments. The head is light tan in color, smooth and
shiny and the body is covered with reddish brown hairs, those on the
dorsum of the folds or ridges being short and more thickly placed.
The ventral surface of the anal segment, which shows the most promi-
nent character, bears a triangular patch of brownish hairs which are
hooked at the tip, with an intermixing, especially at the borders of the
patch, of fine, long hairs, and with a median longitudinal double row
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of coarse hairs or spines inclined more or less inwardly. These rows
may be straight and parallel or more or less curved; short or long; and
the spines in the rows may be sparsely or closely placed according to
species. The anaJ slit is in the form of an obtuse angle.
Grubs of other genera which resemble the Lachnosterna grubs by
having the two rows of spines on the underside of the last abdominal
segment are Anomala, Phytalis, Listochelus, Polyphylla, Euphoria,
and Cotinis (= Allorhina).
The living larvm of Euphoria and Cotinis are at once separable be-
cause of their dorsal locomotion. The relatively small head which is
finely reticulated, short legs, the transverse anal slit, two rows of
unusually stout spines on the ventral surface of the anal segment and
the straight hairs and spines on the same segment at once separate
grubs of these genera from grubs of Lachnosterna. Euphoria grubs
differ from those of Cotinis by their smaller size; the spines of the two
median longitudinal rows on the anal segment are directed inwardly
and are not so thick or stout, and the ventral surface of the anal seg-
ment is not uniformly clothed with hairs, there being bare spaces not
to be found in Cotinis.
Polyphylla grubs are noticeably larger than those of Lachnosterna,
when mature, the head is darker, and has a slight roughened reticula-
tion. The two rows of stout spines, about ten spines in each row, on
the under surface of the anal segment are short, being about a third
the length of the segment and the upper surface of the anal segment is
thickly covered with fine recumbent hairs. The anal slit is obtuse.
The grubs of Anomala, Listochelus and Phytalis are very close to
those of Lachnosterna and we are at present unable to satisfactorily
distinguish between grubs of these four genera except by direct com-
parison but no doubt substantial characters will be found when we
obtain a sufficient number of grubs of the first three mentioned genera.
Grubs of such common species as Trichius piger, Cotalpa lanigera,
Ligyrus relictus, L. gibbosus, Osmoderma eremicola, Cyclocephala spp.
Dyscinetus trachypygus and Stratmgus antmus are sometimes mistaken
for grubs of the genus Lachnosterna but may at once be separated by
the absence of the two rows of spines on the ventral surface of the anal
segment and all of these species have a transverse anal slit.
Cyclocephala and Cotalpa are the most likely to be confused because
they are found in fields with Lachnosterna grubs and attack the same
crops. Cyclocephala grubs have a rather smooth light brown colored
head which is inconspicuously reticulated. The spines on the under-
side of the anal segment are sparsely and uniformly placed, moderately
long, and hooked. Cotalpa grubs have a brownish or tan colored head
which is very slightly and noticeably reticulated and the under surface
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of the anal segment bears rather thickly placed hooked spines, inter-
mixed with a few long hairs. The dorsal surface of the anal segment is
smooth in the middle, the sides and tip with a mixture of long and
short, moderately erect hairs.
The grubs of Ligyrus gibbosus agree closely with those of Cyclo-
cephala but the reticulation of the head is slightly more roughened,
and the hairs or spines on the ventral surface of the anal segment are
remarkably short, they are not hooked, and are more closely placed.
Ligyrus relictus is a more robust grub, the posterior abdominal seg-
ments being much enlarged and giving the grub a characteristic appear-
ance. The head is small, dark brown and its surface reticulate. The
ventral surface of the anal segment bears a patch of sparsely and
irregularly placed short spines intermixed with a few longer hairs, and
the dorsal surface of this segment bears only a few short spines and
hairs.
The grubs of Osmoderma eremicola have a moderately light brown
head and the mandibles and head at tpe base of mandibles are jet
black. The ventral surface of the anal segment is covered with ·heavy
spines, intermixed at the sides and extremities with longer hairs. The
upper surface of this segment bears moderately short, uniformly placed,
recumbent hairs.
Stratcegus antceus grubs are at once distinguished from other grubs
mentioned above by the dark reddish brown head which is uniformly
punctured with rather deep pits. The under surface of the last abdom-
inal segment bears many spines which are slightly inclined caudad,
the border of the patch of spines intermixed with longer hairs and the
upper surface of same segment with moderately sparsely placed re-
cumbent hairs.
Trichius piger grubs are small and have a pale brown head with an
inconspicuous reticulation. The dorsal and ventral surfaces of the
anal segment bear an irregular scattering of short spines and rather
long hairs.
Dyscinetus trachypygus has a dark brown head which is incon-
spicuously reticulate and covered with irregularly placed fine punc-
tures, in this respect differing from all species mentioned above, except-
ing Stratcegus, the head of which is much more coarsely punctate and
the species is much larger. The ventral surface of the anal segment
bears a patch of hooked spines and the upper surface of the same seg-
ment is covered, excepting along the longitudinal median line, with
fine hairs, those at the tip being shorter, stouter and more spine-like.
FIELD OBSERVATIONS
The distribution of the many species is being worked out as rapidly
as the collections being received will permit. We have records of
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over 300,000 determined Lachnosterna beetles but there are many
localities where scarcely any records are represented in our collections
and many more collections, especially from southern states and from
various sections of the other states, must be made before we can come
to definite and satisfactory conclusions for the country as a whole.
Anyone who can collect beetles at trees or lights are urged to so notify
us that we may offer· all assistance possible. Our records, especially
where continuous collections have been made, are very interesting,
showing some species to occur at certain elevations, others where
certain soil conditions exist, while still others are present only where
foliage of a particular tree is available. Certain species such as tristis,
hirticula, fraterna, etc., feed largely on hickory and oak, while others,
usually beetles of the fusca group, prefer ash, and others, such as
gibbosa, are general feeders. Lachnosterna vehemens is found at Lafay-
ette almost exclusively in the bottom land area along the Wabash
river and although supposed to be a comparatively rare species it is
the predominant species at Elk Point, South Dakota, as found by Mr.
C. N. Ainslie and the writer, in the fertile bottom land between the
Missouri and Sioux rivers. Where we have found it behind the plow or
in our beetle collections, it has been where the land is low, usually the
bottom land along a river. Soil conditions also influence the abund-
ance of certain species. While it is a well known fact that most species
prefer a "timber soH," usually a clay loam soil, others have a decidedly
different preference, for we find L. prunina invariabl:y where the soil
is sandy.
The time and length of the period of flight for the different species
of Lachnosterna varies considerably. For instance, at Lafayette,
gibbosa is one of the first to make its appearance in spring, and the
last to disappear, and while such species as arcuata and fusca appear
equally early they disappear more fapidly towards the latter half of
June. Most of the species appear within a few days after the first
flight of beetles but the delayed appearance of some species, such as
implicita, crenulata and ilicis, is very pronounced, for instance, im-
plicita seldom makes its appearance until the middle of May and
disappears considerably earlier than most species. On the other
hand, tristis is one of the first species to be found but by the first of
June it has become a very rare species at both lights and trees. In the
latitude of Lafayette, beetles first appear the latter part of April or
first of May, usually the former, and reach a maximum abundance
near or a little after the middle of May, gradually diminishing in
numbers thereafter until July 1, after which date only straggling
individuals are to be found. In southern Indiana and farther south,
certain species, such as L. ephilida, burmeisteri, quercus, gracilis, etc.,
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do not normally make their appearance until late June, occurring
throughout the month of July and into August. From these notes it
will be noticed that certain species are active above ground two months
or more, while others disappear after three or four weeks. The longer
period of existence is due to a longer period of life, and not to a suc-
cession of beetles, for in our cages where individual pairs were confined
the length of life of the beetles coincided with the occurrence of the
same species out-of-doors.
It is interesting to note the predominant species in different local-
ities where grubs are of considerable economic importance. In the
west-Utah, Idaho and Montana-the Lachnosternas are beginning to
make their appearance as pests of importance and here the species
involved is L. dubia. In the southeastern corner of South Dakota,
the grubs have become very serious pests and here L. vehemens pre-
dominates. In northeastern Iowa, southwestern Wisconsin and north-
western Illinois, a center of a very heavy infestation and in an ungla-
ciated region, we have L. fusca as the predominant species. L. rugosa
is the dominant species in south central Wisconsin, being confined to
the glaciated portion of the state, while a little farther to the east, in
the vicinity of Beaver Dam, L. fusca again becomes the prevalent one.
In the state forest nurseries of Minnesota and Wisconsin, the former
at Lake Itasca and the latter at the extreme north border of Wisconsin
in Vilas County, considerable trouble has been experienced with white
grubs and at both of these places L. grandis is the predominant species.
In the southwestern part of Michigan in and about Kalamazoo County
the 1914 brood was a destructive one and here the predominant species
is L. hirticula although fusca is also a COmmon species. South and
east of this infested district, that is, south of Battle Creek, we have
another occurrence of hirticula but of·a different brood, the date for
the next flight of beetles in this district being 1916. In the "thumb
district" of Michigan and on south into Ohio the 1914 brood was very
important and it is interesting to note that here again in the glaciated
area L. rugosa is decidedly the predominant species, but going a little
east into Ohio the species doing the damage are hirticula and fusca, the
former being the more common, according to our observations, in the
center of the infested area. Continuing eastward into Maryland,
hirticula again appears as the important species while in the infested
counties of New York dubia and fusca are the two common ones.
Going south we find congrua and crassiSS1'ma are injurious species in
Missouri while in Kansas wheat is attacked by white grubs mostly of
the species lanceolata and crassissima. In the central part of Texas
(Travis County), a great deal of damage to corn, cotton, and grass-
lands by grubs of L. torta has been reported.
2
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By far the most serious and widespread white grub outbreaks on
record are those of 1912 and 1915, the beetles for these broods occur-
ring in the years 1911 and 1914, respectively. The area of these
infestations included southeastern South Dakota, northwestern and
northeastern Iowa, southeastern Minnesota, southern Wisconsin,
northern Illinois, the extreme northwestern corner of Indiana, south-
western Michigan as well as the eastern portion of that state from the
"thumb district" south into Ohio; also many points in the northern
third of Ohio, western Maryland, northwestern and northeastern
Pennsylvania, southeastern New York, including Long Island, and
Connecticut. A less serious outbreak: occurred in most of the above
mentioned territory in 1909, but that of 1912 was very severe while
the 1915 infestation was even more general and severe to cultivated
crops, showing a gradual increase in the abundance of grubs and in
the area infested. Although the grubs were more abundant and showed
greater damage to cultivated crops in 1915, the grass crops were no-
ticeably less injured, owing to the excessive rains throughout the sum-
mer. It was not an uncommon sight to see thirty- or forty-acre fields
of corn totally destroyed and more often than otherwise the corn fields
in the infested districts were 50 per cent destroyed. The accom-
panying photographs (PI. 15) give a fair idea of the appearance of
the infested fields in Wisconsin, Illinois and Iowa, although they do
not impress one with the great amount of damage actually caused by
the grubs. The various natural enemies now seem to be making
headway in controlling the grubs and the crest of this destructive
brood has probably bee:q.reached but it will be many years before the
brood again becomes normal unless some unforeseen calamity over-
takes it.
In 1911 the beetles were extremely abundant and stripped the tim-
ber of its foliage according to reports and during the latter part of
May and the first of June in 1914 we made a trip across the northern
end of Illinois, northeastern Iowa, southern Wisconsin as far north as
Baraboo, thence east to Milwaukee, and through parts of Michigan,
and everywhere, excepting in eastern Wisconsin, the timber, which
consisted chiefly of oak and hickory, was completely stripped of its
foliage. Only red oak, the maples, conifers and fruit trees were
left with an appreciable amount of foliage, and the accompanying
photographs (PI. 16) illustrate the degree of defoliation which we found
in the infested localities. To further illustrate-the beetles were so
abundant that the dead ones accumulating beneath the lights had to be
swept away each morning to prevent or at least modify the terrible
stench which they produced. At one small town in Wisconsin the beetles
accumulating beneath the ten arc lights of the town were hauled away
each morning for a period of ten days or two weeks, by the wagon load.
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NATURALENEMIES
INSECTENEMIESOF GRUBS.-Of the several insect enemies of white
grubs, the Tiphias and Asilids are the most effective checks, according
to our observations. In the genus Tiphia are several species attacking
grubs, and of these we have worked out the life-history of two, neither
of which has yet been specifically determined. Both have a one-year
life cycle, passing the winter as larvre within the cocoons, are partheno-
genetic and paralyze the grub only temporarily, that is, only about
long enough to deposit an egg. One of the species lays its egg on the
dorsum of the thoracic segments of the grub while the other lays its
egg on the underside of the abdominal segments.
Elis 5-cincta1 and probably several other species of the genus are
important enemies of the grub in some localities. The wasp has a
one-year life cycle, it is not parthenogenetic according to our obser-
vations, and differs noticeably from Tiphia in that it paralyzes the
grub completely, a paralyzed grub never coming back to active life
although it remains inertly alive for several weeks to a month or more.
Three tachinids are parasitic on the grubs, all attacking it in a
similar manner. These are Microphthalma disjuncta2 which is common
in the central western states, M. pruinosa2 in the New England states,
and Ptilodexia tibialis? in Texas.
Of the asilid enemies we have reared but one species, Promachus
vertebratus, from larvre actually observed feeding on grubs, and in
certain parts of Wisconsin this is a prominent grub enemy. In the East
the analogue of this species, according to Doctor Felt's observations,
is Promachus fitchii. Both of these species appear to have a three-
year life cycle, thus following the cycle of the grub. We have reared
other asilids from grub infested fields but we have no absolute proof
as to their predaceous habits excepting circumstantial evidence.
Several species of carabid beetles and their larvre are predaceous
on white grubs and the r6le they play in the control of grubs is probably
greater than has heretofore been supposed.
Three insect enemies of minor importance have been previously
reported, namely, Pelecinus polyturator, Ophion bifoveolatum, and
Sparnopolius fulvus, thus bringing the total number of insect enemies
of the grub to more than twelve species.
INSECTENEMIESOF BEETLEs.-We have reared five dipterous para-
sites of the adult May-beetles, all of which have been previously re-
ported as parasitic on May-beetles, and are Pyrgota undata, P. valida,
Cryptomeigenia theutis,2 Eutrixa exile,2 and Biomyia lachnosternre.2
1Gahan and Rohwer det.
2 Walton det.
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The last is the species referred to by Dr. Forbes as Viviana sp. on
p. 475 of bulletin 116 of the Illinois Agricultural Experiment Station.
MISCELLANEOUSENEMIES.-Spiders are quite predatory on beetles
often catching them in their webs but not infrequently actually cap-
turing the beetle as it feeds at night. Mites are very troublesome
in cages where they attack grubs and occasionally we find them suf-
ficiently numerous on grubs in the field to cause their death.
Animals such as skunks and opossums are well-known enemies of
grubs and do their share towards holding them in check, while many
birds, and especially crows and blackbirds, are equally well known for
their fondness for white grubs.
DISEASEs.-Four types of grub diseases are known, these being of
fungus, bacterial, protozoan and nematode origin, respectively.
Among the fungus diseases the best known are the Cordyceps because
of the peculiar growth which they cause. The green muscardine
fungus (Metarrhizium anisoplim) is almost equally well known as an
insect fungus disease and although it seems to have been successfully
used artificially for the control of some insects, it has never proven
satisfactory nor even given an indication of proving satisfactory
against white grubs.
Of the several recognized bacterial diseases none have shown any
indication of proving effective in the control of the white grub.
We have observed two outbreaks of a protozoan disease of white
grubs which has apparently effectively controlled the grub in certain
localities. It was first observed at Hoopeston, Illinois, by Mr. W. P.
Flint and the writer (Oct. 1912) and later (Oct. 1915) by the writer at
Belvidere, Illinois. In both cases the diseased grubs came to the
surface or to near the surface of the ground where they died.
At Lancaster, Wisconsin, we found a number of fields in 1915 which
were apparently cleared or at least practically cleared of grubs by a
nematode" disease," an affection which seemed to be assisted greatly
by the wet season.
METHODSOF CON'fROL
UTILIZINGFARMANIMALS.-Hogs have been employed as a means
of clearing fields of white grubs for many years and where they can
conveniently be turned into an infested field this is the surest and
quickest method that may be employed. When the infested field is
being plowed, if before the grubs have gone deep into the ground or
after the grubs have returned to' near the surface in the spring, hogs
should be allowed the run of the field. Likewise chickens and turkeys
should be trained to follow the plow, harrow, and cultivator in fields
located near the farm buildings. We have known of fifteen-acre
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fields being cleared of a heavy infestation of grubs by permitting the
chickens the run of the field during cultivation.
FALL PLOWING.-Plowing just previous to the time the grubs go
deep into the ground to pass the winter will destroy many of them and
should be practiced whenever possible but it should not be considered
a panacea for the grubs. Fall plowing the year the grubs are changing
to beetles, especially early fall plowing and the sooner after July 15
the better, is very effective in destroying the grubs as they are trans-
forming to pupre, the pupre themselves and the recently issued beetles.
If the cells containing prepupre, pupre and recently issued beetles are
broken, the insect within will almost invariably be destroyed and it is
therefore important to use a plow which will break up the soil as it is
overturned, or if this is not possible the ground should be deeply
disked after plowing in order to break up the soil. In 1916 early fall
plowing will be especially helpful in the localities where grubs were so
destructive in 1915 and where entire communities can follow this
practice much benefit will result.
ROTATIONOFCRops.-A rotation to avoid grub injury is of greatest
importance but it is essential that the farmer be acquainted with the
life-history and habits of the insect in order to intelligently adopt a
rotation which will not only be effective in preventing grub injury but
which will be best suited to his conditions. We know the beetles
prefer a ground covered with vegetation for the deposition of their
eggs, hence, other conditions being equal, most of the eggs will be laid
in timothy, blue grass, and small grain fields. Consequently, the year
following a large flight of beetles, such ground should not be planted
to the more susceptible crops such as corn and potatoes. On the other
hand, land which was in corn or other wide-row crops and kept thor-
oughly cultivated during the flight of the beetles will ordinarily have
few grubs and hence such land should be used the following year for the
crops most susceptible to grub injury, that is for corn, potatoes, beans,
etc. A rotation of oats, clover and corn has proven very satisfactory
in some sections. Our observations indicate that ground with a
heavy stand of pure clovl;lrwhen the beetles are flying will ordinarily
contain few grubs since the beetles will not seek such land for egg-
laying. Clover, if planted in the fall and allowed to make a good
EXPLANATION OP PLATE 14.
Plate 14. a, Lachnosterna grandis grub. b, L. grandis ~ pupa. c, L. prunina
0' adult. d, L. gibbosa in copula. e, L. arcuata egg recently laid; 6 fully swollen,
f, L. sp. grub in prepupal stage. g, L. gibbosa pupa in pupal cell. h, Diplotaxis
eggs, several eggs in a ball of earth in a single cavity. i, Cotinis nitida eggs, in
individual cavities but many eggs in a single ball of earth; a, b, and c much en-
larged, others about natural size.
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Corn field at Platteville, Wis., badly damaged by white grubs. Aug. 18, 1915
40-acre corn field at Froelich, la., destroyed by white grubs. Aug. 6, 1915
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Timber patch (burr oak and hickory) at Plattcvillc, Wis., defoliated by
May-beetles. Shrubs at the base of trees and portion of boxelder tree at
extreme left undefoliated. June 1, 1914.
Large cottonwood, an ash and several elm trees defoliated by May-heetles.
An apple at extreme left untouched. Galena, III. May 13, 1914.
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growth before the grubs are actively feeding the following 'summer, is
a good crop to follow on grub-infested .land. Likewise small grain
crops are not greatly injured by grubs and should be used for grub-
infested ground in preference to the more susceptible crops such as
corn. Aside from the rotations mentioned above, it is desirable to so
arrange the crops that the least amount of land will be in timothy and
small grain the year the beetles are abundant, and the following year
to plant corn or other susceptible crops in corn ground or ground which
was kept thoroughly cultivated during the flight of the beetles the
• year before, and to plant small grain or clover on ground which was in
these crops the previous year.
The farmer should plow land suspected of containing grubs previous
to October 15 the fall following a big flight of beetles and select a crop
for the following year according to the presence or absence of grubs.
MISCELLANEOUSDIRECTIONs.-The collection of the beetles by
hand or by means of a trap lantern, or by spraying trees upon which
they feed with an arsenical, has been employed in certain European
countries and no doubt would prove of value in this country, Qut to
be effective it is necessary that entire communities work together and
adopt the measures.
Collecting the grubs behind the plow by hand, utilizing boys or
cheap labor for this purpose, is of much value although similar results
can be obtained by employing hogs or chickens as mentioned above.
FURTHER NOTES ON DIPRION SIMILE HARTIG
By \V. E. BRITrON, State Entomologist, New Haven, Conn.
The writer has already called attention in the JOURNALOFECONOMIC
ENTOMOLOGY (Vol. 8, p. 379, June, 1915), to the occurrence of this
European pine sawfly in Connecticut. That article will enable one
to recognize the species, and also points out the possibility that it
may prove a destructive pest in this country as it is in Europe. He
now wishes to add a few data collected in the further study of this
insect since the former article appeared in print.
Diprion simile is present in Connecticut not only at New Haven,
but also at Derby, ten miles westward, at Hartford thirty-seven miles
northward, and at New Canaan, about thirty miles, and Greenwich
about fory-five miles westward. Greenwich and New Canaan are
border towns adjoining New York state where it may be expected
that this insect will soon appear.
As this sawfly was found to be present in five rather widely sepa-
rated localities in Connecticut, it was probably too late for extermina-
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